Azeotropic or close-boiling mixtures often extrude conventional distillation as a method of separation. Instead, extractive or azeotropic distillations are commonly used to separate azeotropic or close-boiling mixtures. For the design of those separation units, selecting suitable entrainers (solvents) is a key step. The traditional method for solving this problem is to use experimentation which is time consuming and expensive. Currently available selection criteria are inadequate. They contradict one another and often leading to incorrect conclusions. Indeed, for a minimum boiling azeotrope, the existing entrainer selection rules state that one should use a high boiling component that introduces no additional azeotrope, an intermediate boiling component that introduces no additional azeotrope, a component which introduces no distillation boundary between the azeotropic constituents, and either a low boiling component that introduces no additional azeotrope or a component that introduces new minimum boiling azeotrope.
INTRODUCTION
The success of a distillation process which separates a binary azeotrope into two pure products, relies on the choice of an entrainer whose selection criteria are related to thermodynamics (selectivity and boiling point) and to process operation (entrainer-feed flow rate ratio, low corrosion, price, toxicity, and high thermal stability) [1, 2] .
The entrainer E is introduced to depart the relative volatility α AB as far away from unity as possible. Some entrainers enhance the volatility, while others reduce it [3, 4] . Gerenally α AB is calculated from the ratio of the distillation coefficients K i = y i /x i , which can be written as follows if the pure liquid fugacity in a reference state is supposed to be equal to the vapor pressure P 
Since the ratio P o A /P o B is almost constant for small temperature changes, the relative volatility is mainly affected by introducing an entrainer that changes the ratio of the activity coefficients γ A /γ B . In the pressure of the entrainer, this ratio is called the selectivity S AB :
S AB = γ A.E /γ B.E (2) The traditional method for determining this ratio is to use experimentation which is timeconsuming and expensive. In this work the activity coefficients of the components of the azeotropic mixtures are determined by computing with a thermodynamic model (here the NRTL model was chosen).
At infinite dilution in the entrainer the selectivity S ∞ AB is determined as follows:
S ∞ AB departures from unity can only provide a preliminary guidance because the selectivity may change as the solute concentration increases. The entrainer capacity for component B can be evaluated from equation (4):
The smaller the value of the activity coefficient γ ∞ BE is, the stronger are the interactions between component B and the entrainer, which results in a larger capacity.
DETERMINATION OF THE ACTIVITY COEFFICIENTS AND THE RELATIVE VOLATILITY α AB BY SIMULATION METHOD
In this work the activity coefficients of the components of the azeotropic mixtures are determined by computing with the thermodynamic model NRTL [5] :        2   2  21  12 12  1  2  21  2  1  2 21  2  1 12 ln
  2   2  12  21 21  2  1  12  2  2  1 12  1  2 21 ln This model has three independent parameters α 12 , τ 12 , and τ 21 . The NRTL model usually represents binary equilibrium data quite well with its three parameters. It is superior to the Wilson and UNIQUAC in that, it is applicable to a multicomponent system with three phases Liquid-Liquid-Vapor.
The equilibrium flash distillation model is very simple and was used to investigate the changes of the activity coefficients which are a function of the solute concentration and the entrainer -feed flow rate ratio S/F. The flash distillation process is shown in Fig.1 . To propose an entrainer selection procedure the following case studies were considered. A proposal of entrainer selection procedure will be based on the results of the computation of the activity coefficients of the azeotropic mixture components for those case studies:
Case study 1: Separation of the minimum boiling system Ethanol-Water with Benzene as the entrainer
The triangular diagram of this system is shown in Figure 2 . In this diagram there are two binary homogeneous azeotropes, one binary heterogeneous azeotrope and one ternary heterogeneous azeotrope. There are three interior distillation boundaries in this diagram running from the ternary azeotrope to the three binary azeotropes. The boundaries separate the composition space in three distillation regions, so we can not separate this mixture by traditional distillation method [5] . The activity coefficients of ethanol γ A and water γ B at the different concentration of ethanol and at the different entrainer-feed flow rate ratios S/F are determined by computing with the NRTL model and are presented in Tab.1-3 [6] . The calculated values of the relative volatility α AB are also presented in Tab.1-3 and in Fig.  4 . Note that the ratio P 0 A /P 0 B is almost constant. The results also show that if the ratio S/F increases the azeotrope moves towards decreasing the ethanol concentration and at the entrainer-feed ratio S/F = 0.6 all values of the relative volatility α AB are smaller than unity. This means that the minimum boiling azeotrope Ethanol-Water was eliminated (Figs 3, 4) , and the azeotropic distillation becomes a standard one. The value S/F at which the azeotrope was eliminated, is called the minimum entrainer-feed ratio (S/F) min . The elimination of azeotrope opens up many new attractive possibilities in the process synthesis and design for separation of azeotropic systems. Table 1 . Effect of ethanol concentration x A and entrainer-feed ratio on activity coefficients and relative volatility α AB at S/F = 0.1 (x E = 0.091 -concentration of entrainer Benzene). Table 2 . Effect of ethanol concentration x A and entrainer-feed ratio on activity coefficients and relative volatility α AB at S/F = 0.6 (x E = 0.375 -concentration of entrainer Benzene). The triangular diagram of this system is presented in Fig. 5 [7] . Similarly, the activity coefficients of ethanol γ A and water γ B at the different entrainer -feed flow rate ratios S/F are determined by computing with the NRTL model and the results are presented in Tab. 4 and in Fig. 7 . Table 4 . Effect of ethanol concentration x A and entrainer-feed ratio on activity coefficients and relative volatility α AB at S/F = 1.8 (x E = 0.643 -concentration of entrainer Cyclohexane). Note that at the entrainer-feed ratio S/F = 1.8 all values of the relative volatility α AB are smaller than unity (volatility α AB < 1.0) (Fig. 7) , so (S/F) min = 1.8 and at this (S/F) min the minimum azeotrope Ethanol-Water was eliminated (Fig. 6) . The triangular diagram of this system is presented in Fig. 8 [8] . Similarly, the activity coefficients of ethanol γ A and water γ B at the different entrainer -feed flow rate ratios S/F are determined by computing with the NRTL model and the results are presented Tab. 5 and Fig. 8 . Note that in the case of n-Pentane as the entrainer when the entrainer-feed ratio S/F = 0.2 all values of relative volatility α AB < 1.0 so (S/F) min = 0.2 and at this (S/F) min the minimum azeotrope Ethanol-Water was eliminated (see Figs. 9 and 10). Table 5 . Effect of ethanol concentration x A and entrainer-feed ratio on activity coefficients and relative volatility α AB at S/F = 0.2 (x E = 0.167 -concentration of entrainer n -Pentane). 
Case study 2: Separation of the minimum boiling system Ethanol-Water with Cyclohexane as the entrainer

Case study 3: Separation of the minimum boiling system Ethanol-Water with n-Pentane as the entrainer
COMPARISON OF ENTRAINERS
Although the final selection of entrainers must be determined by means of an economic evaluation in which all variables and criteria are considered for the whole process including the recovery process, screening entrainer at the preliminary stage should consider two aspects: separation enhancement which can be expressed by relative volatility α AB (or selectivity) and entrainer capacity (which can be expressed approximately by entrainer-feed flow rate ratio S/F). For the entrainers Benzene, Cyclohexane, and n-Pentane used in separation of the EthanolWater system, the comparison is shown in Tab. 6. The results show that for dilute ethanol solution (x F < 0.1) the entrainer n-Pentane is the best. But for concentration range near the azeotrope point, both Cyclohenxane and n-Pentane can be chosen as entrainers for the separation of the minimum boiling azeotrope system Ethanol-Water, so the final selection of entrainer must be determined by means of an economic evaluation.
CONCLUSIONS
A critical review of four existing entrainer screening rules has revealed that they contradict each other and that none of them can be used reliably for selecting a feasible entrainer and why there is a necessity to propose the entrainer selection procedure. Throughout the results of this work, the procedure has been proposed and includes the following steps:
First of all, the activity coefficients of the key components in the presence of entrainer are determined by computing with one of the thermodynamic models (e.g. NRTL).
Second, the relative volatility between the azeotropic constituent components at the different entrainer -feed flow rate ratios S/F is determined. From the obtained results, we can determine the value of the ratio (S/F) min at which the azeotropic point will be eliminated.
Third, the final entrainer selection for the azeotropic separation is made by the criteria "selectivity" α AB and "entrainer capacity" (S/F) min .
The elimination of azeotrope opens up many new attractive possibilities in the process synthesis and design for separation of azeotropic systems.
